Objectives Considering recent shifts in global funding landscapes, this study analyzes Canada's long-term global health research funding trends in the hope of informing a new Canadian global health research strategy. Examining past investments can help prioritize limited future resources to either build on Canada's existing strengths or fill gaps where needed, while simultaneously informing the investments of research funders in other countries. Methods Administrative data were analyzed covering all 1584 global health research grants awarded by the Canadian Institutes of Health Research (CIHR) to 927 unique principal investigators from 2000 to 2016, totalling C$341 million. Existing metadata associated with each grant was supplemented by additional qualitative coding. Descriptive time-series analyses of global health research grant data were conducted using various measures related to each grant's recipient (e.g., province, university, sex, distribution) and subject matter (e.g., research theme, area, focus). Results CIHR's total annual global health research funding increased sharply from $3.6 million in FY2000/2001 to $30.3 million in FY2015/2016, with the largest share of research funding now focused on health equity-representing nearly 50% of CIHR's global health research funding. Past grants have concentrated on infectious disease and public health research. One third of CIHR's global health grant funding went to 20 principal investigators. Only 42.2% of global health research funding came from CIHR's open investigator-driven competitions, with the rest coming from strategic priority-driven competitions. Conclusion Global health research has seen steady increases in funding from CIHR's open competitions when preceded by investment in strategic competitions, which suggests the level of a national research funding agency's strategic investments in global health research may determine the size of the field in their country. The greatest concentration of past investment lies in health equity research, followed by infectious disease research. Future analyses of research funding would benefit from an internationally accepted keyword classification scheme and more granular administrative data.
Introduction
Budget constraints and shifting political priorities have long posed challenges for global health research funding. Global health research is defined as not only supporting health research in low-and middle-income countries (LMICs), but also focusing on "health, health-system, health inequities, and health policy challenges facing populations living in conditions of vulnerability" in both LMICs and high-income countries (HICs) (Global health research 2017). In the wake of Brexit and the 2016 United States (US) election, a new uncertainty has set in about whether the United Kingdom (UK) and the US will maintain their historic levels of support for global health research initiatives (Greenwood 2018) . Global development assistance for health has grown by only 1.2% annually since 2010, a sharp drop from the 11.3% annual increases seen throughout the 2000s, and continued limitations on growth are expected (Dieleman et al. 2016) . Globally, public funding of global health research has declined since the global financial crisis of 2008 (Chapman et al. 2016) ; existing analyses show that only a small percentage of global health research funds are allocated towards epidemiology and health policy and systems research, which is context-specific research that is especially important for LMICs (Abimbola et al. 2017) . Many observers worry about continued reductions in research funding opportunities for global health, as populist pressures may encourage countries to shift resources towards domestic priorities (Morrison 2012) . This global shortfall runs counter to the "convergence plan" of The Lancet's Global Health 2035 Commission, which calls for doubling research funding for diseases that disproportionately affect LMICs from US$3 billion to US$6 billion per year so that health status in LMICs can catch up to HICs within a generation (Ramesh 2013) . In light of these challenges, other countries, even if smaller in influence and capacity, will increasingly be shaping global health research priorities alongside existing major funders.
In this uncertain global funding climate, it is helpful to probe the role that "middle powers" like Canada can play in global health research (Nixon et al. 2018) . The optimistic view is that Canada has long led efforts to shape the global health agenda and has supported significant developments in global health research. For example, researchers in Canada conducted the world's largest randomized trial on breastfeeding interventions, which influenced World Health Organization (WHO) guidelines (Patel et al. 2013) . Evidence-based medicine was introduced into clinical practice in the 1990s by Canadian doctors at McMaster University (Smith and Rennie 2014) . The University of Waterloo's International Tobacco Control Policy Evaluation Project was the first international research program to evaluate the WHO Framework Convention on Tobacco Control's provisions (International Tobacco Control Policy Evaluation Project n.d.) . The Canadian-developed Ebola vaccine was the first to receive regulatory approval (Beaudet 2015) .
Yet, Canada has not been immune to funding challenges. As a middle power, Canada faces limitations in its ability to invest in all areas of global health research. The combination of the 2008 global financial crisis and the emergence of global health threats led to reforms and shifts in Canada's global health research funding environment, with increased pressure on both funders and grantees to prove domestic research impacts for Canadians (Plamondon et al. 2017) . Given resource limitations, such impact is probably more likely to be achieved-or at least to be more easily measured-if future strategic research funding opportunities are focused on a smaller range of global health issues or allocated to fill essential gaps.
Over the last decade, global health research funding for Canadian researchers has become increasingly concentrated within the Canadian Institutes of Health Research (CIHR), the Canadian federal government's funding agency for health research. CIHR is one of three primary global health research funders in Canada, along with the International Development Research Centre (IDRC) and Grand Challenges Canada (GCC). Collectively, IDRC and GCC fund more global health research than CIHR; at their peaks in 2012/2013, IDRC invested C$16 million and GCC invested C$54 million in global health research (Plamondon et al. 2017) . But the vast majority of these investments have appropriately supported LMIC researchers-not Canadian researchers-given these funds come from Canada's official development assistance (ODA) budget. CIHR funding became even more important for Canadian global health researchers when Canada's Social Sciences and Humanities Research Council (SSHRC) stopped funding health research in 2009. (SSHRC started to accept proposals for health social science research in 2016 on a limited basis (Subject matter eligibility 2017).
CIHR has listed global health research among its priorities since its creation in 2000. Since then, CIHR sponsored the Global Health Research Initiative (GHRI), which was a partnership between CIHR, IDRC, the former Canadian International Development Agency, and Health Canada (Global health 2013). CIHR collaborated with international health research funders to form the Global Alliance for Chronic Diseases (GACD), helped launch GCC, stewarded the Government of Canada's contribution to the Canada Gairdner Award for Global Health, created an Emerging Health Threats program that funded research during recent Ebola and Zika outbreaks, and co-funded the seven-year Innovating Maternal and Child Health in Africa (IMCHA) funding program with IDRC (Ramesh 2013) .
As Canada is currently refreshing its global health research strategy, developing its action plan for the Sustainable Development Goals, and implementing a new feminist international development policy, an analysis of long-term global health research funding trends can inform and provide historical context for these efforts. This study presents such an analysis focused on CIHR, which is unique among Canada's three primary global health research funders because it supports all kinds of health research and is by far the largest source of funding for such research conducted by researchers based at Canadian academic institutions. (GCC's annual investment in global health research is larger when combining its domestic and foreign funding activities (Plamondon et al. 2017) .)
Specifically, we aimed to gain a more comprehensive understanding of what kinds of global health research have been funded in Canada by examining a novel administrative dataset of global health research funding made available by CIHR. We identified, analyzed, and segmented long-term funding trends by various measures related to each grant's recipient (e.g., province, university, sex, distribution) and subject matter (e.g., research theme, area, focus). To date, there has been only limited formal analysis of global health research funding in Canada, even though it provides valuable insight into global health research agenda setting. Spanning 15 years and representing C$341 million invested, these data let us identify shifts, specializations, and gaps in research focus; distributional patterns across researchers; and potential areas where CIHR and other global health research funders internationally may wish to invest either to build on existing strengths or fill essential gaps.
Methods

Identification of global health research grants
We analyzed a novel administrative dataset covering 15 fiscal years (FYs) of CIHR's global health research funding (see Web Appendix 1 for the full dataset). Potential global health research grants were identified annually through systematic keyword searches of CIHR's research funding database (see Web Appendix 2 for the most recent search string). Each grant in the administrative dataset was individually validated by staff at CIHR's Institute of Population and Public Health (FY2000/2001 -2014 /2015 ) and CIHR's Strategic Partnerships and International Relations Team (FY2015/2016 as being relevant to global health. An additional validation review of all grants was conducted for this study by one researcher (EG) to minimize false positives.
Dataset development and analysis
The final dataset includes basic administrative metadata collected routinely upon submission of grant applications, such as unique applicant numbers, co-applicants, program names, host institutions, and province. The dataset also includes information related to the grant application such as keywords, abstracts, research themes, research areas, program funding types, and amounts disbursed by fiscal year. We calculated adjustments for inflation using Statistics Canada's Consumer Price Index to allow us to set all monetary figures to 2015 Canadian dollar equivalents as appropriate. One researcher (EG) filled in missing information for two categories in the dataset-research theme and area-by manually coding and classifying the grants using the information provided in the grant application's abstract and internet searches when required.
The coding definitions for each category can be found in Table 1 . In summary, research theme corresponds with CIHR's four health research themes: (1) biomedical research, (2) clinical research, (3) health services research, and (4) population health research. Institute research area matches the topical mandates of CIHR's 13 funding institutes (whether or not grants were actually funded by those institutes)-with each grant allocated to a single, primary institute research area. Funding by province consists of 10 provinces, including an unspecified category for when the province was not specified. Funding by program type refers to grants versus awards, an important technical distinction; grants generally cover a broader range of research costs including direct research costs, training of researchers, and knowledge translation activities, whereas awards include direct salary support to individual research personnel and stipends for individual research trainees. CIHR funding is also designated as either "open" or "strategic". Open funding refers to investigator-driven projects proposed by researchers without any direction on funding priorities. Strategic funding refers to priority-driven initiatives created by CIHR on particular topics that are deemed to be of strategic importance to Canada.
We additionally analyzed how global infectious disease research funding has evolved over time. We looked at specific global health threats that have been widely discussed in the news media: HIV/AIDS, Ebola, severe acute respiratory syndrome (SARS), H1N1 influenza, and tuberculosis. Distribution of funds was analyzed by calculating the share of total research funding held by the 20 principal investigators (PIs) who received the most global health research funding overall. Data on PIs' sex were not available through the original administrative dataset but were retrieved from CIHR's Funding Analytics Team through a special access request.
We defined four foci of global health research that we believe are fully encompassing of the field and qualitatively coded grants into each focus based on the grant application's title and abstract. The four foci were:
1. Globalization, which refers to explaining patterns of health, health equity, and well-being within a global context or as shaped by global economic, social, cultural, environmental, or political factors; 2. Health equity, which is concerned with improving the health of populations facing conditions of marginalization, such as people living with poverty in LMICs and Indigenous Peoples in multiple international settings; 3. Neglected conditions, which tackles the circumstances, conditions, and diseases that disproportionately affect disadvantaged populations who are excluded from markets and society, including biomedical research on these diseases and conditions; 4. Transnational risks, which address health threats, opportunities, determinants, or solutions that transcend political boundaries.
When grants pertained to multiple foci, they were coded per the single primary focus that fit best. Grants were coded as "not specified" when the abstracts of grant applications either were not available or did not provide enough information to code the focus.
We conducted descriptive time-series analyses of available data. We looked at trends over time in eight categories: research theme, institute research area, research focus, geographic distribution, program type, PI distribution, sex, and infectious diseases.
Results
The dataset captures C$340,833,742 in funding across 1584 different grants and 927 PIs (Table 2) . Data validation checks identified only one false positive in the original administrative dataset, which was removed. Total annual funding has grown rapidly by 742%, from C$3.6 million in FY2000/2001 to C$30.3 million in FY2015/2016 (in 2015 Canadian dollars). 
Research theme
Approximately two thirds of overall funding has supported two research themes: biomedical research and population health research. Population health research has been the fastest growing research theme, starting from zero funding in FY2000/2001 to C$15.6 million in FY2015/2016 (Fig. 1) . The share of funding for biomedical research has dipped in recent years-although it still represents more than one third of CIHR's total global health research funding in FY2015/2016.
Institute research area
The top five institute research areas cumulatively from highest to lowest are infection and immunity (C$135 The titles and abstracts of grant applications did not provide enough context for coding the research focus.
Program type
Award program Direct salary support to individual research personnel or stipend support to individual research trainees. Grant program Support for the direct costs of research projects, including for the training of researchers and/or activities that support the translation of research findings, conducted by either an investigator working alone or by a group of investigators working together.
Open competition
Investigator-driven research competitions with projects, initiated by individuals or teams and without restrictions on topic.
Strategic competition
Priority-driven research competitions to build capacity and/ or support research excellence in specific areas of health research that are deemed to be of strategic importance to the country. 
Research focus
The largest research focus of CIHR's global health research grants has been health equity, representing 47.4% or C$161.5 million (Fig. 3) . This focus receives almost twice as much funding as the next largest research focus, neglected conditions (C$93.6 million, 27.5%). Health equity is also the fastest growing focus with annual funding in FY2015/2016 representing a 13,462% increase since FY2000/2001. Funding for transnational risks has remained steady over 15 fiscal years, while globalization funding increased sharply after FY2005/ 2006. Global infection and immunity research has received the most annual funding until recently when funding for global population and public health research overtook it. Global health services and policy research increased sharply after FY2011/2012, and global circulatory and respiratory health research increased after FY2007/2008. Global human development, child, and youth health research decreased steadily since its peak in FY2010/2011, possibly because of an emphasis starting at that time on maternal, newborn, and child health services research which was classified as health services and policy research (instead of as research on human development, child, and youth health).
Geographic distribution
Thirty-one percent of CIHR's global health research funding was awarded to PIs based in each of Ontario and Quebec, and 14 of the 20 highest funded PIs are based in these provinces. Only $9970 (< 0.01%), $65,017 (0.02%), and $183,792 (0.1%) of CIHR's global health research funding has been awarded to PIs based in Newfoundland and Labrador, New Brunswick, and Prince Edward Island, respectively.
Program type
Across all areas of research, CIHR's funds are mostly disbursed through grant programs (78.1%) as opposed to award programs (21.9%). CIHR's open investigatordriven programs (i.e., Project and Foundation Scheme grants) account for approximately 70% of CIHR's annual research funding (Design discussion document 2012). Within global health research, open programs are responsible for only 42.2% of CIHR's funding, whereas 57.8% has come from strategic programs. Open and strategic funding have both increased in similar magnitude and trajectories over this period and almost converge in the final year of the dataset.
PI distribution
A close analysis of operating grants reveals several important distribution patterns. The collective share of grants awarded to the 20 PIs who received the most global health research funding over the 15-year period totals $115 million-one third of all global health research funding (see Table 3 ). The most highly funded PI, Francis Plummer (University of Manitoba), received $12.1 million in global health research funding over this 15-year period, and the 20th most highly funded PI, Valéry Ridde (Université de Montréal), received $2.7 million. Figure 4a, b show the distribution of research funding by PI and by successful funding application. Of the 1584 funded applications, 60.0% were awarded less than $200,000 and 31.3% were awarded less than $100,000. Across 927 NPIs, 53.3% were awarded less than $200,000 and 30.0% were awarded less than $100,000.
Sex
Males predominate among the 20 most heavily funded global health PIs. Only three of the 20 PIs are female and rank 6th, 14th, and 19th, respectively. Of the 927 NPIs who received global health funding, 53.0% were male and 45.9% were female. Among the 1584 funded applications, 57.1% of the NPIs were male and 41.5% were female. Male PIs received approximately two thirds of both the open competitions (67.3%) and the priority competitions (61.0%), whereas female PIs received two thirds (66.3%) of global health training and career support awards. Female researchers have received more grants for global health research on gender and health (76.5%), Indigenous Peoples' health (75.0%), and health services and policy research (58.2%), while male researchers have received more grants related to circulatory and respiratory health (87.5%), neurosciences, mental health and addiction (87.2%), musculoskeletal health and arthritis (81.8%), genetics (76.5%), infection and immunity (68.6%), and aging (65.0%).
Infectious diseases
We analyzed trends in funding patterns for HIV/AIDS and tuberculosis over time, and following major infectious disease outbreaks of SARS, H1N1 influenza, and Ebola between 2000 and 2016 ( Fig. 5 ). HIV/AIDS research funding far surpassed SARS, H1N1 influenza, Ebola, and tuberculosis. There was a small increase in SARS funding between FY2003/2004 and FY2005/2006 which then flat-lined thereafter. H1N1 influenza funding rose sharply in the three years following the virus's 2009 global outbreak. Funding for HIV/ AIDS and tuberculosis research both increased sharply after 2008. Global diabetes research was analyzed and included in the figure to serve as a baseline for comparison, as we did not expect diabetes funding to have changed in response to an external threat but only to have slowly increased over the period-which is indeed the case.
Discussion
Principal findings
After dramatic increases throughout the early 2000s, CIHR's global health research funding plateaued in the early 2010s along with the agency's overall budget. Canada's position as an important middle power means that it will always face research funding constraints compared with larger jurisdictions such as Europe, the UK, and the US. As a middle power, one potentially effective strategy to maximize impact considering these constraints would be to prioritize funding based on the country's existing strengths in global health research and the unique contributions it can make to existing national or global priorities based on comparative advantages (Cartier et al. 2018 ). The marked increase in global health research funding from CIHR signals growing interest and strength among Canadian researchers in this area. CIHR funding over the course of the past 15 years has been concentrated in the Institute research areas of infection and immunity and population and public health. Nearly half of CIHR's global health research funding during this period focused on health equity. Health equity was also one of the fastest growing focus areas, suggesting this might be an existing strength and comparative advantage upon which Canada can further build specialized leadership. Data on distribution of funds among applications and PIs paints a mixed picture of the degree to which funding is concentrated among top researchers or driven by many smaller applications. While the distribution of research funding shows 917 smaller awards (60.0%) less than C$200,000 each, 20 researchers (2.2%) account for one third of CIHR's global health research funding.
The segmented breakdown of research funding across the different categories reveals changes over time. The share of biomedical funding has dipped in both absolute and relative terms in recent years, although it still represents more than one third of total funding overall. Conversely, the share of funding for population health research has increased steadily and eclipsed biomedical funding by increasingly greater margins starting in FY2012/2013. By FY2015/2016, annual population health research funding was nearly double that of biomedical research funding. The rapid increase of population health research over the last decade coincides with increased recognition for the broader social determinants of health in global health.
It is perhaps unsurprising that infection and immunity and population and public health are currently the top Institute research areas supported by CIHR's global health research funding, as global health has historically focused on infectious diseases and because CIHR's Institute of Population and Public Health (IPPH) has nurtured global health as a priority since its first strategic plan. IPPH is also CIHR's largest financier of strategic priority-driven global health research initiatives and has overseen large collaborative investments, including the GACD and IMCHA programs with IDRC (Health equity matters 2015). While most aspects of health research are relevant to global health, some lend more easily to an explicit focus on global health than others. For example, the scope of infection and immunity and population and public health are often transnational, equity-focused, and targeted to reach populations facing conditions of marginalization both in LMICs and across multiple international settings. CIHR-funded research for Indigenous Peoples' health has mostly been domestic in focus, with the relevant Institute's mandate being to "improve and promote the health of First Nations, Inuit and Métis peoples in Canada", whereas IPPH and CIHR's Institute of Infection and Immunity have defined mandates that are global in scope (see Table 1 ).
While CIHR's open investigator-driven competitions account for approximately 70% of annual expenditures, only 42.2% of global health research funding comes from this Can J Public Health (2020) 111:80-95 envelope. This discrepancy suggests the field depends upon continued funding from strategic priority-driven competitions and needs to be supported towards benefiting more greatly from CIHR's open investigator-driven competitions. This discrepancy also highlights the need for peer-review committees to be appropriately structured, staffed, and supportive of global health research (Hoffman et al. 2018a; Behdinan et al. 2018; Hoffman et al. 2018b) , and for harmful myths such as "CIHR doesn't fund global health research" to be fully debunked in peer-reviewer training or by committee chairs during face-toface meetings (Hoffman 2010) .
However, global health research funding levels from the two types of competitions-open and strategic-almost achieved parity in FY2015/2016. This seems to be driven by steady increases in global health research funding from open investigator-driven competitions when preceded by investment in strategic priority-driven competitions, which suggests the level of CIHR's strategic investments in global health research may determine the size of the field. Framed another way, Canada's collective contributions to global health research may depend in large part on continued CIHR strategic investments that are ideally long-term and stable in nature.
The fact that 20 PIs collectively received one third of CIHR's global health research funding may initially suggest that funds are too concentrated among a small group of individuals. However, a clear majority of funds are disbursed through smaller grants, as 53.3% of PIs hold grants less than $200,000, and two thirds of those PIs hold grants less than $100,000. Most highly funded researchers received both larger and smaller grants. This concentration of funds may alternatively reflect a deliberate strategy to prioritize excellence in research as opposed to a wider distribution of funds across more PIs. That said, CIHR funded 927 unique PIs from 1584 grants, which means almost two thirds of global health research grants have been awarded to PIs who only hold one global health research grant. A network analysis would reveal the extent to which CIHR's top-funded PIs collaborate with other established researchers or with earlier career researchersthereby further distributing access to global health research funds across the country.
Strengths and weaknesses
There are four main strengths of this study. First, the analysis is based on a novel administrative dataset from CIHR. It is the first known analysis of the global health research portion of CIHR's research investments. This analysis provided both a precise estimate of CIHR's annual funding for global health research and a fine-grained segmented analysis of the shifts within funding categories over 15 fiscal years. Second, the data were independently validated twice: first by staff at CIHR's IPPH and International Relations Team and second by our research team to minimize false positives. Third, steps were taken to increase the comparability of grants between years by adjusting for inflation and standardizing grant values to 2015 Canadian dollars. Fourth, this analysis is particularly informative for CIHR's global health research strategywhich is especially important as CIHR is Canada's largest health research funder broadly and for Canada-based global health researchers specifically. Our analysis of the CIHR dataset thus serves as a starting point for further investigation and provides a necessary benchmark against which future analyses can be compared.
There are three main limitations of this study. First, there is no standardized keyword classification scheme at CIHR. A search yielded more than 4700 unique keywords from the global health research dataset alone. This made further analysis on topics that would require information from the keyword metadata extremely labour-intensive due to risks of doublecounting. For example, when analyzing the infectious disease research funding data, HIV/AIDS research was found to be coded under multiple variations: "HIV", "AIDS", "human immunodeficiency virus", including their French-language e q u i v a l e n t s o f " V I H " , " S I D A " , and " v i r u s d e l'immunodéficience humaine". Grants could also support projects involving more than one infectious disease; accordingly, double-counting could not be avoided (whereas all other analyses in this study were conducted using mutually exclusive categories to avoid any double-counting). The infectious diseases analysis therefore should be viewed as a preliminary analysis of trends rather than accurate magnitude. Future analyses would benefit from a standardized keyword classification scheme currently being considered by CIHR for its database. Second, the CIHR grants dataset had some missing information in two categories-institute research area and research theme-as they were both self-declared by grant applicants with options to be omitted. Data quality would be improved for these categories if CIHR required responses to them. Third, there was no feasible way to check CIHR's funding database for false negatives, meaning there could theoretically be additional global health research grants within CIHR's funding portfolio if CIHR's IPPH or Strategic Partnerships and International Relations Team accidentally made mistakes when classifying grants as global health research.
Future research directions
Future research would benefit from enhanced metadata collection by CIHR, a standardized keyword classification scheme, and more granular administrative data on investigators' collaborations, career stage, age, gender, ethnicity, language, training, degrees, disciplines, and research specialization. It would also be helpful for CIHR to include new data categories for each grant, including the four foci of global health research. Ideally, CIHR could include more granular classifications within each focus area so that funded studies could be further analyzed, such as according to whether they aim to identify problems, test solutions, and/or develop methods.
Future research would also benefit from similar analyses of data from other major research funders in Canada, such as GCC and IDRC, as well as international funders such as the Bill & Melinda Gates Foundation and the Wellcome Trust to provide a fuller picture of the world's global health research funding landscape. A data-driven analysis of global health research funding across all funders in Canada and globally has the potential to guide evidence-informed policymaking in this area that better aligns disparate funding activities towards unified strategies for global health research Hoffman et al. 2009 ).
